INTRODUCTION
IN Zea mays B chromosomes were first reported in sweet corn (Kuwada, 1915; Longley, 1927; Randolph, 1928; Avdulow, 1933; Humphrey, 1935) , later in flint corn (Randolph, bc. cit.; Kozhuchow, 1933) , flour corn (Longley, 1927 (Longley, , 1938 , dent corn (Longley, bc. cit.; Kozhuchow, bc. cit.) and pop corn (Kozhuchow, bc. cit.) . Longley (1938) also found B chromosomes in 14 out of 33 varieties of primitive maize varieties grown by North American Indians. The proportion of plants with B's varies between the varieties. Their effects upon the external phenotype are marked only when their numbers are high (15-20 B's). These effects tend to be of a "continuous" nature, very much like those due to polygenes (Muntzing, 1943 (Muntzing, , 1954 (Muntzing, , 1963 Mather, 1944; Lewis, 1950; McClintock, 1950; Brink, 1958) .
The variation in the external phenotype due to B's must of course reflect upon the activity of the B's within the nuclei of cells. The purpose of the present work was to study the effects of B's directly upon the nuclear phenotype of somatic cells in an attempt to find out how the effects of B's upon development are brought about. The following nuclear characters were investigated:
(a) The size of the A chromosomes at mitosis.
(b) The nuclear DNA content of interphase nuclei.
(c) The nuclear dry mass, total protein, RNA and histone protein in interphase nuclei.
MATERIAL AND METHODS

A. Material
The material used was black Mexican sweet corn obtained from Dr E. B. Patterson of Illinois University to whom we are grateful.
B. Methods Maize seedlings were grown together at 20° C. in a culture bowl containing Hoagland's (1920) solution. The solution was changed at regular intervals. The seedlings were classified with respect to B chromosome content by squashing root tips following immersion in 8-hydroxyquinoline and Feulgen staining. (ii) Estimation of nuclear DJ'TA The staining procedure adopted was that described by McLeish and Sunderland (1961) and Sunderland and McLeish (1961) . Roots from OB and 8B plants were fixed in neutral formaldehyde for 2 hours and washed in distilled water for 24 hours. The roots were then stained by the Feulgen method and photometric absorption measurements (at 560 mt) were made on 2C telophase or early interphase nuclei using a Barr and Stroud integrating microdensitometer with a crushing condenser.
(iii) Isolation of nuclei
This technique is based on the method of McLeish (1963) with certain modifications by Evans (1968) . Root tips from maize plants, grown in culture solution, were placed in ice cold M/30 phosphate buffer (pH 7.0) containing 2 per cent, formaldehyde for 12 minutes. The terminal 2-3 mm.
portion was tapped out in a drop of the buffer. The slides with isolated nuclei were flooded with absolute alcohol for 2 minutes, then placed in ether vapour in Coplin jars for 30 minutes. The dry slides were stored in Coplin jars until required.
(a) .J'Tucleàr dry mass
The mass of nuclei was determined, immediately after extraction and isolation, using the interference microscope. A full account of the theory of interference microscopy and its application to the measurements of mass are given by Barer (1956) and Davies (1958) .
(b) Total protein Extracted nuclei were immersed in 70 per cent. ethyl alcohol for 2 minutes, then absolute alcohol for 2 minutes and stained overnight in dinitrofluorobenzene (DNFB) at 65° C. Excess stain was removed by passing the slides through absolute alcohol to water and back again to absolute alcohol, cleared in xylene and then mounted in xam.
DNFB produces a bright yellow stain. The intensity of the stain and thereby the amount of total protein in isolated nuclei (see Mitchel, 1967) was estimated using an integrating microdensitometer. Measurements were made on seven B chromosome classes (0-6B) at a wavelength of 400 mz.
(c) Methyl-green-pyronin Y stain for RXA The method used was that described by Moss (1967) . l'5 g. of methyl green was dissolved in 300 ml. of 0.1 M acetate buffer at pH 44. The solution was extracted with chloroform to remove residual methyl violet (methyl violet interferes with RNA staining). Eight extractions may be necessary and extraction is stopped when the lower chloroform layer is colourless, i.e. it contains no methyl violet. 06 g. of pronin Y was dissolved in this solution of methyl green.
Extracted nuclei were stained for 15 minutes and slides were rinsed in distilled water. They were then immersed in a differentiating solution of tertiary butyl alcohol (3 : 1) for 10 minutes-two 5-minute changes, cleared in xylene and mounted in a drop of glycerol. Photometric (550 m) measurements were made on a Barr and Stroud integrating microdensitometer and readings were taken from nine B chromosome classes (0-8B).
The specificity of pyronin Y is checked by the use of a riboniiclease. Sample slides were treated with 0.1 per cent. ribonuclease solution (Type 1-A, sigma, London) at 40° C. for 1 hours (Moss, bc. cit.). The nucleoplasm Stains a fainter green and the nucleolus a fainter reddish pink than the untreated slides. Nucleic acids were removed from the tissue by treating the isolated nuclei in 5 per cent, solution of tri-chloro-acetic acid (TCA) in a warm-water bath at a temperature of 70-75° C. for 30 minutes (see Alfert and Geshwind, 1953) . A check that the DNA was removed is carried out by staining a sample slide with Feulgen. A negative result confirmed the total extraction of nucleic acids. Excess TCA was washed out by three 10-minute changes in 70 per cent. ethyl alcohol.
Slides were stained for half an hour in 0'l per cent, aqueous solution of the acid dye (Fast green F.C.F.-National Aniline Division, 96 per cent, dye content) adjusted to pH 8'0-8'1 (at this pH range only histone proteins are Stained) using N/lO NaOH. A large volume (800 ml.) of the stain was used to maintain the pH by reducing carbon dioxide absorption by the stain. Slides were thoroughly washed in distilled water to remove excess stain, dehydrated in 95 per cent, ethyl alcohol and absolute alcohol, both for 2 minutes, cleared inxylene and mounted in a drop of glycerol. Measurements were made on nine B chromosome classes (0-8B) using the integrating microdensitometer and a light of wavelength 645 mgi.
RESULTS (i) Chromosome volume
Changes in the composition or in the organisation of chromosomes, such as may be due to the activity of B chromosomes, may, in certain circumstances, be expected to cause changes in chromosome size (see Jones and Rees, 1968; Bennett and Rees, 1969) . Even a straightforward alteration in chromosome numbers may do so, e.g. polyploidy in Chrysanthemums (Dowrick, 1952) and Alliums (Sharma, 1965) .
Three roots each of OB and 8B plants were Feulgen stained after treatment in 0'002 M 8-hydroxyquinoline and measurements were made in ten metaphases from each root. This makes a total of 30 readings for each class. A summary of the data is presented in table 1. Although the mean volumes for A chromosomes is higher for OB than 8B plants, an analysis of variance on the replicate means showed no significant differences in chromosome volume between classes, nor were there any significant differences in lengths and average chromatid widths. In maize, therefore, the presence of B chromosomes has no overall effect on the size of the A chromosomes. This is in contrast to the results in rye where B's cause an increase in the volumes of the A chromosomes. Even in rye, however, there is no consistent increase in size relative to B frequency. Thus in 4B and 8B rye plants, the A chromosomes are of the same size (see Jones and Rees, bc. cit.) , although the A chromosomes in both classes are larger than in OB plants. The DNA was estimated in Feulgen-stained root tips from OB and 8B plants. Readings were taken from ten 2C interphase nuclei in five roots (replicates) in each class. The data are presented in table 2. As we would expect, the DNA content of the nuclei increases in the presence of B's. The 8B's account for 44 units by which the OB and 8B plants differ. In other words, more than 40 per cent. of the DNA in 8B plants is attributable to the B's. Each B contributes 0'55 units of DNA, about 5 per cent, of the DNA content of all the A chromosomes.
B chromosomes in maize, as in other organisms, differ from the A's in a number of ways (see Longley, 1938; Randolph, 1941; Darlington and Upcott, 1941; Blackwood, 1956; Abraham and Smith, 1966) . They are, for example, "relatively inert ", carry no major genes and are not homologous with the A chromosomes in respect of pairing at meiosis. The present resuits show that these differences in their behaviour are associated with marked differences in their organisation at metaphase of mitosis. Table  3 shows that the DNA per unit volume is 1'7 times greater in B's than in A's. These findings are similar to those reported by Jones and Rees (bc. cit.) for B chromosomes in rye. They are also in line with the report of van Schaik and Pitout (1966) to the effect that the DNA in maize B chromosomes is four times greater per unit length than in A's. The greater DNA density of B chromosomes at metaphse is evidently a reflection of an allocycly characteristic of" inert" chromosomes and chromosome segments (see Darlington, 1965) .
(iii) The nuclear dry mass
Measurements of the nuclear dry mass were made, like those of DNA content, in interphase nuclei. It is worth emphasising that whereas the amount of DNA is always directly related to the chromosome content we may expect the dry mass of the nucleus to vary independently of this. For example, variation displayed by the nucleolus during interphase will affect the total dry mass. Other, non-permanent, components within the nucleus may also vary in mass (Richards, 1960; Busch, Starbuck, Singh and Ro, 1964) . In one sense, the addition of B's alone will increase the nuclear dry mass if only in respect of the permanent or structural components of the B's themselves, e.g. their DNA. Of particular interest, however, is whether the presence of B's affects the activity of the nucleus in such a way as to cause variation in the non-permanent components including, for example, the nucleolar RNA and non-permanent proteins. The measurements were made on 10 nuclei in roots of five plants (replicates) in each B class, from OB to 8B. The results are summarised in table 4. 2A The results in table 4a and in fig. I show that the variation in the total dry mass of the nucleus does not increase in simple, direct proportion to the B frequency. Nevertheless there are highly significant differences between classes (table 5 (a)). What is particularly striking is the disproportionately high nuclear mass values for even-numbered B classes, namely 2s, 4s, 6s and 8s. This consistent "zig-zag" pattern is of exactly the same kind as that reported in rye (Jones and Rees, bc. cit.) . Such a pattern, of course, cannot possibly be explained on the basis of a direct contribution of that component of B chromosomes which is permanent. As in rye, the variation may be explained in terms of non-permanent nuclear components which, in turn, vary as a consequence of the influence of B chromosomes upon the metabolism of the nucleus. When we consider the ratios of the total dry mass to DNA (T.D.M./DNA) for the nine B classes (Table 6 and fig. 2 ) it will be seen that from 1 to SB the T.D.M./DNA values decrease. In short, the mass of the nucleus per unit of DNA decreases with increasing B frequency. We note also that the total dry mass is particularly low per unit of DNA in the odd-numbered B classes. The implications of these observations will be considered later. In the meantime the results show convincingly that B chromosomes have a marked influence upon the phenotype of root-tip interphase nuclei in respect of their total mass. Below is an attempt to find out which components within the nucleus contribute to this variation in dry mass.
(b) The nucleolus dry mass Data for the dry mass of the nucleolus alone are presented in table 4 (c) and in fig. 3 . An analysis of variance (table 5 (c)) shows significant differences between classses (P = <0.001). As can be seen from the figure, there is an overall increase in the nucleolus dry mass with increasing B frequency.
Although the values for the higher B classes show a tendency to drop the values for all B chromosome classes are greater than those for normal plants.
These results agree, in part, with the findings of Lin (1955 The nucleus dry mass is made up mainly of the chromosomes but, in addition, of products of chromosome activity excluding those contained in the nucleolus. The data for the nucleus dry mass appear in table 4 (b) and in fig. 4 . As can be seen from the figure, the dry mass of the nucleus increases (table 6) were transformed to absolute units (grams). The transformation was achieved by determining simultaneously the 2C DNA amount in maize and in Allium cepa, whose DNA value is 3355 x l02g. (vart't Hof, 1965) . By subtracting the absolute DNA amounts from the mass of the nucleus we can then deal separately with the non-DNA component (see table 7 The increase in DNA must, of course, be directly proportional to the B frequency. As for the non-DNA component we observe, in general, an increase up to 6B followed by a rapid decrease. Clearly the variation in the nucleus dry mass cannot be explained simply in terms of the addition of permanent B chromosome components. Non-permanent nuclear components must be implicated. In particular, they decrease beyond 6B and, equally clearly, they are disproportionately low in odd-numbered B classes. This variable component reflects the influence of B chromosomes on nuclear products. These products would appear to be extra chromosomal because it will be recalled that chromosome size remains unchanged with varying B frequency (see table 1 ). In the following sections an attempt is made to measure some of the important variable components, namely nuclear RNA, total protein and histone. B CHROMOSOME CLASS for the different classes. ft is clear from the figure that the RNA values increase with increasing B frequency and an analysis of variance on the replicate means, table 9 confirms significant differences between classes (P = <OO01). However, this increase is not consistent for all classes.
There are marked differences between the even and odd numbers of B and those of Lin's. She compared the rates of RNA synthesis (by autoradiography) in maize nuclei with 15-20 B chromosomes and maize nuclei without B's. She found that the addition of B chromosomes had no effect on the synthesis of nucleolar RNA. Figure 5 shows, however, that Hime's results are not necessarily incompatible with those in the present work.
The figure shows a drop in nuclear RNA with increasing B frequency beyond 4B's, and it is quite possible that the nuclear RNA is no greater in 15 B plants than in OB plants.
(v) Total protein Changes in nuclear protein are characteristic consequences, or even causes, of development and differentiation (see Brown, 1963) . They could also reflect short-term trends such as loss of chromosomal protein between prophase and metaphase (Caspersson, 1947 (Caspersson, , 1950 Swift, 1953) . In contrast, the nuclear DNA amount per chromosome is constant. Variation in total protein content, therefore, is at least partly independent of variation in DNA (Bennett and Rees, bc. cit.; Leuchtenberger and Schrader, 1952; Bachman and Cowden, 1965) . Extracted nuclei were stained in dinitrofluorobenzene and the total protein, in seven B chromosome classes (0-6B), was estimated by microspectrophotometry. Fifty nuclei were measured in each class and the means are shown in table 10 and in fig. 6 . The figure shows a clear increase with increasing B frequency. An analysis of variance, table 11, confirms significant differences between classes (P = <0.001). Figure 6 shows that the total protein/DNA ratio also increases with increasing B frequency. However, the difference between the B4 and 6B classes is small and it is possible that the increase in total protein is not maintained indefinitely with higher B numbers.
Some of the increase in protein content is no doubt attributable to the "permanent" protein component of the B chromosomes themselves. Since, however, the increase in protein is not consistently and directly proportional to the frequency of B's and, in particular, disproportionately variable between odd and even numbers of B's, it is equally clear that much of the protein variation is attributable to changes in the "non-permanent" products of nuclear metabolism-a variation clearly profoundly influenced by B chromosomes.
That the variation in total nuclear protein concerns non-permanent, indeed extra chromosomal material is reinforced by the observation that the size (volume) of chromosomes is not affected by the B frequency (section i).
The increase in nucleolar size, and mass, suggests that some of this protein material may be located in the nucleolus.
In the following section an account is given of the variation in one particular component of the nuclear protein, namely histone. The histones are of special interest, in view of the regulatory function attributed to them (Stedman and Stedman, 1950; Allfrey and Mirsky, 1963; Bonner, Ru-Chin and Gilden, 1963) .
(vi) Histone protein
Extracted interphase nuclei were stained with fast green F.C.F. at a pH of between 8•0 and 8l. At this pH range fast green is a specific stain for Reports by Prescott (1966) and Robbins and Borun (1967) show that the synthesis of DNA and histones are closely coupled events and it has been reported that the ratio of histone to DNA remains constant throughout the life-cycle (Hancock, 1969; cf. Asao, 1969) . However, the present work shows that the ratio of histone to DNA does vary between the nuclei of different genotypes, i.e. with the addition of B chromosomes (cf. Himes, 1967) . Identical results have been obtained in rye and it is significant that those B classes in rye which "suffer" most from the presence of supernumerary chromosomes, the odd-numbered classes, are those with disproportionately high histone/DNA ratios (cf. Kirk and Jones, 1970 The mechanism for the differential activity of B's in even as compared to odd frequencies remains conjectural (see Jones and Rees, 1969) . Considered together, the results from rye and maize provide compelling evidence to suggest, however, that the non-disjunction which encourages even numbers of B's in gametes and amongst progenies of B plants in numerous species is no mere accident but, rather, an adaptive device ensuring a preponderance of those phenotypes displaying greatest competence or "vigour ", namely plants with even B frequencies.
Discussior
The effects of B chromosomes upon the external phenotype in maize have been described by Randolph (1941) and Roman (1947) . Our investigation has been concerned with their effects, more, directly, upon the nuclei which bear them. In this respect the inquiry relates to a genotypic control exercised by the B's. Previous results established the effects upon the nuclear phenotype at meiosis (Ayonoadu and Rees, 1968) . It was shown that they profoundly affect the frequency and distribution of chiasmata and, hence, genetic recombination. The present work reveals a genotypic control exercised by the B's upon somatic nuclei of which to date there are comparatively few examples (Rees, 1955) . The control, furthermore, has a bearing upon growth and development of the whole plant.
Certain of the phenotypic changes imposed by B's upon nuclei are worth emphasis. One, in particular, is the negative correlation between, on the one hand, nuclear histone amount and, on the other hand, the total protein and RNA content. The correlation is completely in keeping with the regulatory" masking "role attributed to nuclear histone (Stedman and Stedrnan, 1950; Bonner et al., 1963; Berlowitz, 1965; Paul and Gilmour, 1968; Georgiev, 1969) . We appreciate, of course, that these results tell us nothing about the mechanism by which such regulation could be achieved. It would be wrong to oversimplify and assume direct causal relations between changes in the phenotype of the nucleus and that of the whole plant. At the same time the weight of evidence in rye, along with maize and Lolium (Williams, 1970) , justifies emphasis upon the correlation between nuclear change due to B's and their regulatory effects upon growth and development. In a wider context it is clearly of interest to inquire whether comparable diversity in growth and development, but attributable to genetic causes other than the effects of B's, is accompanied by similar changes in nuclear composition to those we have described.
SUMMARY
Studies on the effects of B chromosomes on the nuclear phenotype in root meristems of maize show that:
1. B chromosomes have no significant effect upon the size of A chromosomes.
2. Each B chromosome increases the nuclear DNA content by about 5 per cent.
3. B chromosomes at metaphase of mitosis have 17 times as much DNA per unit volume as A chromosomes.
4. The total dry mass of interphase nuclei increases with increasing B frequency up to 4B and thereafter decreases.
5. Total protein and the nuclear RNA content also increase up to 4B. The RNA decreases in amount beyond 4B.
6. The histone content shows a continuing increase with increasing B frequency.
7. The general trends in respect of dry mass, RNA, total protein, and histone protein is complicated by a differential variation between odd and even numbered B plants-a phenomenon first reported in rye. The dry mass, nuclear RNA, and total protein are disproportionately high in evennumbered B plants while the reverse is true for histone protein.
8. The regulatory role of B chromosomes upon the genetic activity of the nucleus is briefly discussed.
